Abstract. The PHENIX Experiment at the Relativistic Heavy Ion Collider has made measurements of event-by-event fluctuations in the charged particle multiplicity as a function of collision energy, centrality, collision species, and transverse momentum in several heavy ion collision systems. It is observed that the fluctuations in terms of σ 2 /µ 2 exhibit a universal power-law scaling as a function of Nparticipants that is independent of the transverse momentum range of the measurement.
Introduction
The topic of event-by-event fluctuations of the inclusive charged particle multiplicity in relativistic heavy ion collisions has been revived by the observation of non-monotonic behavior in the scaled variance as a function of system size at SPS energies [1] . The scaled variance is defined as σ 2 /µ, where σ 2 represents the variance of the multiplicity distribution in a given centrality bin, and µ is the mean of the distribution. For reference, the scaled variance of a Poisson distribution is 1.0, independent of N. PHENIX has studied the behavior of inclusive charged particle multiplicity fluctuations as a function of centrality and transverse momentum in √ s N N = 62 GeV and 200 GeV Au+Au and Cu+Cu collisions in order to investigate whether the nonmonotonic behavior persists at RHIC energies.
Details about the PHENIX experimental configuration can be found elsewhere [2] . All of the measurements described here utilized the PHENIX central arm detectors. The maximum PHENIX acceptance of |η| < 0.35 in pseudorapidity and 180 o in azimuthal angle is considered small for event-by-event measurements. However, the event-byevent multiplicities are high enough in RHIC heavy ion collisions that PHENIX has a competitive sensitivity for the detection of many fluctuation signals. For example, a detailed examination of the PHENIX sensitivity to temperature fluctuations derived from the measurement of event-by-event mean p T fluctuations is described in [3] .
Data Analysis
It has been demonstrated that charged particle multiplicity fluctuation distributions in elementary and heavy ion collisions are well described by negative binomial distributions (NBD) [4] . The NBD of an integer m is defined by
where
The NBD contains an additional parameter, k, when compared to a Poisson distribution. The NBD becomes a Poisson distribution in the limit k → ∞. The variance and the mean of the NBD is related to k by 1/k = σ 2 /µ 2 − 1/µ. The PHENIX multiplicity distributions are well described by NBD fits for all species, centralities, and transverse momentum ranges. The data presented here are results of NBD fits of the multiplicity distributions, an example of which is shown in Fig. 1 .
Each 5% wide centrality bin selects a range of impact parameters. This introduces a component to the multiplicity fluctuations that can be attributed to fluctuations in the geometry of the collision. It is desireable to estimate and remove this known source of fluctuations so that only fluctuations due to the dynamics of the collision remain. The contribution of geometrical fluctuations is estimated using the HIJING event generator [5] , which well reproduces the mean multiplicity of RHIC collisions [6] . The estimate is performed by comparing fluctuations from events with a fixed impact parameter to fluctuations from events with a range of impact parameters covering the width of each centrality bin. The HIJING estimates are confirmed by comparing the HIJING fixed/ranged fluctuation ratios to measured 1%/5% bin width fluctuations. A 15% systematic error for this estimate is included in the errors shown.
By measuring the scaled variance in successively wider azimuthal ranges, a linear dependence on azimuthal acceptance is observed. In order to facilitate direct compar-isons with other experiments, the multiplicity fluctuations quoted here have been linearly extrapolated to 2π acceptance by fitting the azimuthal dependance within the detector acceptance. Systematic errors due to the extrapolation have been included in the total errors shown.
Results
In the Grand Canonical Ensemble, the scaled variance of the particle number normalized by the mean can be directly related to the compressibility, σ 2 /µ 2 = k B (T /V )k T , where k B is Boltzmann's constant, T is the system temperature, and V is its volume [7] . The multiplicity fluctuations in terms of σ 2 /µ 2 are shown in Fig. 2 It is expected that the compressibility diverges as one approaches the critical point, and the rate of divergence is described by a power law,
−γ , where T C is the value of the temperature at the critical point, and γ is the critical exponent for isothermal compressibility [7] . For illustration, the dashed curve on 
